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(57) ABSTRACT

A rotary cutting tool having the general form of a circular
disk with cutting mnserts secured tangentially to the circum-
ference of the tool’s body, for metal machining in general
and for machining cam lobes. The cutting inserts have
concave side surfaces and concave cutting edges.

13 Claims, 4 Drawing Sheets
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1
ROTARY CUTTING TOOL

FIELD AND BACKGROUND OF THE
INVENTION

This invention relates to rotary cutting tools having a tool
body the general form of a circular disk with cutting mserts
secured tangentially to the circumference of the tool body,
for metal machining 1in general and for machining cam lobes
of camshafts of internal combustion engines 1n particular.
Such cutting tools normally employ groups of two or more
cutting 1nserts arranged 1n a circumferentially staggered
formation. The individual cutting edges of the cutting inserts
in each group are generally oriented at non-zero lead angles.
Consequently, each cutting msert has a non-zero axial com-
ponent cutting force acting on it. Since the cutting 1nserts are
staggered, the cutting tool 1s unbalanced with respect to the
axial component cutting forces.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a cutting
tool of the above general nature that replaces each group of
cutting mserts arranged 1n a staggered formation by a single
indexable cutting 1nsert giving rise to a balanced cutting tool
with respect to the axial component cutting forces.

In accordance with the present invention there 1s provided
a rotary cutting tool comprising:

a tool body 1n the form of a circular disk having a center
and a periphery, with an axis of rotation passing through the
center of the disk and a plurality of chip clearance recesses
opening outwardly from and spaced angularly around the
disk periphery, each chip clearance recess having a leading
end and a trailing end;

a plurality of msert receiving pockets, each insert receiv-
ing pocket having an associated chip clearance recess and
comprising a tangentially extending pocket base having a
leading end and a trailing end, the leading end of the pocket
base being adjacent the trailing end of the associated chip
clearance recess and the trailing end of the pocket base being
connected to a generally radially extending pocket rear
surface;

a plurality of indexable cutting inserts, each cutting insert
comprising an upper surface, a lower surface and a periph-
eral side surface therebetween, the peripheral side surface
comprising four component side surfaces, each component
side surface being joined to an adjacent side surface by a
side corner, an opposite pair of the component side surfaces
forming front and rear component side surfaces, each com-
ponent side surface meeting the upper and lower surfaces at
upper and lower component cutting edges, respectively, at
least outer portions of each upper and lower component
cutting edge extending generally inwardly from adjacent
side corners and at least outer portions of each component
side surface extending generally inwardly from adjacent side
COINETS,

cach cutting insert being removably retained 1in a given
insert receiving pocket, wherein the lower surface of the
cutting 1nsert abuts the tangentially extending pocket base,
the rear component side surface of the cutting 1nsert abuts at
two spaced apart abutment surfaces of the radially extending
pocket rear surface, the front component side surface form-
ing a rake surface and the upper component cutting edge of
the front component side surface forming an operative
cutting edge with outer portions of the operative cutting
edge forming equally leading portions thereof.
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In order to secure the cutting mserts 1n position, the
pocket base has a radially extending threaded bore and each
cutting 1nsert of the plurality of cutting inserts has a through
bore extending between the upper and lower surfaces and
containing midpoints therecof, and each cutting insert is
secured by a screw extending through the through bore and
tichtened into the threaded bore.

In accordance with a preferred embodiment of the present
invention, each upper and lower component cutting edge 1s
ogenerally concave 1n form and each component side surface
1s generally concave in form extending imwardly from
adjacent side corners.

Preferably, the upper and lower surfaces of the cutting
insert each have a flat central portion for abutting the pocket
base.

Further preferably, the upper and lower component cut-
ting edges and the component side surfaces are divided into
three portions, two outer portions and an inner portion, and
the cutting nsert 1s thicker 1n the region of the mner portion
of the upper and lower component cutting edges than in the
region of the outer portion thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding the invention will now be
described, by way of example only, with reference to the
accompanying drawings 1n which:

FIG. 1 1s a perspective view of a rotary cutting tool 1n
accordance with the present invention;

FIG. 2 1s a perspective top view of a cutting isert
receiving pocket 1n the rotary cutting tool shown 1n FIG. 1;

FIG. 3 1s a perspective view of a cutting insert retained 1n
the rotary cutting tool 1n accordance with the present inven-
tion;

FIG. 4 1s a top view of the cutting insert shown 1n FIG. 3;

FIG. 5 1s a top view of a cutting insert receiving pocket
in the rotary cutting tool shown in FIG. 1 with a cutting
insert retained therein.

FIG. 6 1s a cross section taken along the line VI—VI 1n

FIG. §; and

FIG. 7 1s a front view of the cutting insert of the invention
showing a component side surface having a chip-forming
gTOOVE.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Attention 1s drawn to the drawings in general and to FIG.
1 1n particular, showing a rotary cutting tool in accordance
with the present invention. The rotary cutting tool 10 com-
prises a tool body 12 in the form of a circular disk having a
center 14 and a periphery 16. The rotary cutting tool 10 has
an axis of rotation A that passes through the center 14 of the
tool body 12, the axis of rotation defining the tool’s plane of
rotation P. The tool body 12 has a plurality of chip clearance
recesses 18 opening outwardly from and spaced angularly
around the tool body 12 periphery 16, each chip clearance
recess having a leading end 20 and a trailing end 22. It will
be appreciated that the leading end 20 precedes the trailing
end 22 with respect to the direction of rotation R of the
rotary cutting tool 10.

Associated with each chip clearance recesses 18 1s an
msert receiving pocket 24. All the 1nsert receiving pockets
are at the same radial distance from the center 14 of the tool
body 12. Each insert receiving pocket 24 comprises a
tangentially extending pocket base 26 that 1s parallel to the
axis of rotation A, the pocket base having a leading end 28
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and a trailing end 30. The leading end 28 of the pocket base
being adjacent the trailing end 22 of the associated chip
clearance recess 18. The trailing end 30 of the pocket base
26 bemg connected to a generally radially extending, sub-
stantially upright, pocket rear surface 32. It will be appre-
ciated that the term radially extending, 1s defined with
respect to the axis of rotation A, whereas the term upright,
1s defined relative to the pocket base 26. The pocket rear
surface 32 and the pocket base 26 are separated by a stress
relief groove 34. It will be appreciated that when a work-
piece (e.g., cam lobe) is machined, a leading portion of a
orven part of the cutting tool 10 will reach the workpiece
before the trailing portion of that given part, as the cutting
tool rotates.

As can be seen 1n the figures, each chip clearance recess
18 has a sloping chip deflecting surface 36 that slopes
upwardly from the trailing end 22 of the chip clearance
recess 18 to the leading end 20 thereof where 1t joins a
circumferential portion 38 at the periphery 16 of the tool
body 12. As can be clearly seen 1 FIGS. 2 and 6, the chip
clearance recess 18 together the associated insert receiving
pocket 24 form a peripheral recess 1n the periphery 16 of the
tool body 12. The circumierential portions 38 on either side
of such a peripheral recess belong to the circumference of
the tool body, which would be a complete cylindrical surface
if 1t were not for the presence of the peripheral recesses.

In each insert receiving pocket 24 there 1s retained an
indexable cutting insert 40. As depicted 1n FIGS. 1 and 5, all
the cutting inserts are symmetric about a common plane of
rotation P. Furthermore, each of the cutting inserts 40 in the
rotary cutting tool 10 axially protrudes (i.¢., protrudes along
the rotary axis A) on both sides of the tool body 12 in a top
view. And unlike cutting inserts arranged in the prior art
circumferentially staggered formations, all the cutting
inserts 40 1 rotary cutting tool 10 are aligned with one
another 1n the axial direction, each component side surface
of one cutting 1nsert being axially aligned with a correspond-
ing component side surface of each of the other cutting
inserts. Each cutting isert 40 comprises an upper surface
42, a lower surface 44 and a peripheral side surface 46
therebetween. The upper surface 42 and lower surfaces 44
cach have a flat central portion 48. The peripheral side
surface 46 comprises four component side surfaces 50, 52,
54, 56, cach component side surface being jomed to an
adjacent side surface by a side corner 58, 60, 62, 64. An
opposite pair of component side surfaces form front 50 and
rear 54 component side surfaces. In terms of the rotation of
the rotary cutting tool 10, the front component side surface
50 1s situated at the leading end of the cutting insert 40,
whereas the rear component side surface 54 1s situated at the
trailing end of the cutting insert 40. Similarly, the side
corners 38, 64 adjacent the front component side surface 50
are leading side corners. Furthermore, each cutting insert 40
has another opposite pair of 1ts component side surface 52,
56 symmetrical with respect to the plane of rotation P of the
cutting tool 10 and therefore the leading side corners 58, 64
are equally leading side corners. Each component side
surface 50, 52, 54, 56 meets the upper surface at upper
component cutting edges 66', 68', 70", 72'. Likewise, each
component side 1s surface 50, 52, 54, 56 meets the lower
surtface at lower component cutting edges 66", 68", 70", 72",

As seen 1n FIG. 3 and especially 1n the top view of the
cutting msert 40 1n FIG. 4, each upper component cutting
cedge 66, 68', 70", 72' and each lower component cutting
edge 66', 68", 70", 72" 1s generally concave 1n form and each
component side surface 50, 52, 54, 56 1s generally concave
in form extending inwardly from adjacent side corners S8,
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60, 62, 64. By generally concave 1s meant herein that the
upper and lower component cutting edges and the compo-
nent side surfaces could be, but do not have to be, strictly
concave 1n the sense that portions thereof may be straight as
long as they extend inwardly. With reference to FIG. 4, 1t
will be noted that the operative cutting edge 66' arc linear
sections extending mnwardly from adjacent side corners 38,
64 to the 1nner portion 66, and the inner portion 66, 1s
arcurate. In accordance with the definition given herein, the
upper component cutting edge 66' 1s generally concave. In a
similar manner all the upper component cutting edges and
all the lower component cutting edge and the component
side surfaces are generally concave and divided into three
portions with the same geomatry as the upper component
cutting edge 66'.

The cutting msert 40 1s removably retained in the msert
receiving pocket 24 with the lower surface 44 of the cutting
insert 40 abutting the tangentially extending pocket base 26
and two spaced apart abutment regions 74 of the rear
component side surface 54 abutting the radially extending
pocket rear surface 32 at two spaced apart abutment surfaces
76 that substantially match in shape the abutment regions 74
of the rear component side surface 54 of the cutting insert
40. It should be noted that the two spaced apart abutment
regions 74 of the rear component side surface 54 are linear
sections extending inwardly from adjacent side corners 60,
62, as described above with respect to the upper component
cutting edge 66'. As seen 1n the figures, however, the rear
component side surface 54 1s the only component side
surface abutted by the insert receiving pocket 24.

With the cutting insert 40 retained 1n the insert receiving
pocket 24, the front component side surface 50 forms a rake
surface of the cutting insert 40 and the upper component
cutting edge 66' of the front component side surface S0
forms an operative cutting edge of the cutting insert 40, with
the outer portions 66, forming leading portions of the
operative cutting edge 66'. It should be noted that the two
outer portions 66,' extend linearly inwardly with the same
slope. It will be appreciated that cutting forces acting on the
operative cutting edge 66' can be resolved 1nto two mutually
perpendicular component cutting forces, an axial and a
tangential component. Since the two outer portions 66,
extend linearly inwardly with the same slope and since they
lead by equal amounts, the axial component cutting forces
acting on the two outer portions 66, will be equal 1n
magnitude but opposite 1n direction, and will therefore
cancel each other out, giving rise to a balanced rotary cutting
tool 10.

The pocket base 26 has a radially extending threaded bore
76 and the cutting 1nsert 40 has a through bore 80 extending
between the upper 42 and lower 44 surfaces. The through
bore 80 1s centrally located and therefore contains the
midpoints of the upper 42 and lower 44 surfaces. The cutting
insert 40 1s removably retained 1n the 1nsert receiving pocket
24 by a screw 82 which extends through the through bore 80
and 1s tightened 1nto the threaded bore 76.

It will be appreciated that in order to machine a straight
line on a section of a workpiece such as a cam lobe, the
operative cutting edge has to lie on the cylindrical circum-
ference of the tool body 12 and therefore the cutting insert
40 has to be thicker in the region of the inner portion 66,
than in the region of the outer portion 66, of the operative
cutting edge 66'. The same thickness relationship holds for
all the component cutting edges. For a cutting insert having,
an average thickness of about 6 millimeters, a side length of
about 20 millimeters with the central portion of the com-
ponent side surface recessed by about 3 millimeters and for
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a tool body having a diameter of approximately 30 centi-
meters, the difference 1n thickness between the mner and
outer portions of the cutting insert will be approximately 0.1
millimeter.

As indicated 1n FIG. 7, the region of the inner portion 66,
of the cutting insert 40 has a thickness T which 1s slightly
greater than the thickness t of the outer portions 66 ' of the
operative cutting edge 66'.

The cutting msert of the preferred embodiment 1s com-
pletely indexable 1n the sense that all four upper component
cutting edges and all four lower component cutting edges
can be used as operative cutting edges.

Although not an essential feature of the present invention,
it will appreciated that the component side surfaces can
include chip forming elements such as chip forming grooves
and chip detlectors. As a non-limiting example, a component
side surface of the cutting insert 40 of the invention can be
provided with a chip forming groove 84 as shown 1n a front
view of the cutting insert 1n FIG. 7.

Although the present invention has been described to a
certain degree of particularity, it should be understood that
various alterations and modifications can be made without
departing from the spirit or scope of the invention as
hereinafter claimed.

What 1s claimed 1s:
1. A rotary metal cutting tool comprising:

a tool body 1n the form of a circular disk having a center
and a periphery, with an axis of rotation passing
through the center of the disk and a plurality of chip
clearance recesses opening outwardly from and spaced
angularly around the disk periphery, each chip clear-
ance recess having a leading end and a trailing end, said
ax1s of rotation defining a plane of rotation;

a plurality of insert receiving pockets, each insert receiv-
ing pocket having an associated chip clearance recess
and comprising a tangentially extending pocket base
parallel to said axis of rotation, said pocket base having
a leading end and a trailing end, the leading end of the
pocket base bemng adjacent the trailing end of the
assoclated chip clearance recess and the trailing end of
the pocket base being connected to a generally radially
extending pocket rear surface;

a plurality of indexable cutting inserts, each cutting insert
comprising an upper surface, a lower surface and a
peripheral side surface therebetween, the peripheral
side surface comprising four component side surfaces,
cach component side surface being joined to an adja-
cent side surface by a side corner, a first opposite pair
of the component side surfaces forming front and rear
component side surfaces, each component side surface
meeting the upper and lower surfaces at upper and
lower component cutting edges, respectively, at least
outer portions of each upper and lower component
cutting edge extending generally inwardly from adja-
cent side corners and at least outer portions of each
component side surface extending generally inwardly
from adjacent side corners,

cach cutting insert being removably retained 1n a given
insert receving pocket, wherein the lower surface of
the cutting insert abuts the tangentially extending
pocket base, the rear component side surface of the
cutting insert abuts the radially extending pocket rear
surface at two spaced apart abutment surfaces, the front
component side surface forming a rake surface and the
upper component cutting edge of the front component
side surface forming an operative cutting edge.
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2. The rotary metal cutting tool according to claim 1,
wherein the pocket base has a radially extending threaded
bore and each cutting 1nsert of the plurality of cutting inserts
has a through bore extending between the upper and lower
surfaces and containing midpoints thereof, and each cutting
insert 1s removably retained by a screw extending through
the through bore and tightened into the threaded bore.

3. The rotary metal cutting tool according to claim 1,
wherein each upper and lower component cutting edge 1s
ogenerally concave 1n form and each component side surface
1s generally concave in form extending imwardly from
adjacent side corners.

4. The rotary metal cutting tool according to claim 1,
wherein the upper and lower surfaces of the cutting insert
cach have a flat central portion.

5. The rotary metal cutting tool according to claim 1,
wherein the upper and lower component cutting edges and
the component side surfaces are divided into three portions,
two outer portions and an inner portion, the two outer
portions being linear sections and the inner portion being
arcuate and wherein the cutting insert 1s thicker 1n the region
of the mner portion than 1n the region of the outer portion.

6. The rotary metal cutting tool according claim 1,
wherein the upper and lower component cutting edges and
the component side surfaces are divided into three portions,
two outer portions and an inner portion, and the cutting
insert 1s thicker 1n the region of the mner portion of the upper
and lower component cutting edges than 1n the region of the
outer portion thereof.

7. The rotary metal cutting tool according claim 1,
wherein:

cach cutting isert has a second opposite pair of 1ifs
component side surfaces symmetrical with respect to
said plane of rotation, and

cach cutting 1nsert axially protrudes on both sides of the
tool body.

8. A rotary metal cutting tool comprising;:

a tool body 1n the form of a circular disk having a center
and a periphery, with an axis of rotation passing,
through the center of the disk, said axis of rotation
defining a plane of rotation;

a plurality of insert receiving pockets spaced angularly
around the disk periphery, each insert receiving pocket
comprising a tangentially extending pocket base and a
pocket rear surface; and

a plurality of indexable cutting inserts, each cutting insert
removably retained 1n an insert receiving pocket, each
cutting 1nsert comprising an upper surface, a lower
surface which abuts the tangentially extending pocket
base, and a peripheral side surface therebetween, the
peripheral side surface comprising at least four com-
ponent side surfaces,

wherein:

cach component side surface 1s joined to an adjacent side
surface by a side corner;

cach component side surface meets the upper and lower
surfaces at upper and lower component cutting edges;
and

cach upper and lower component cutting edge 1s generally
concave 1n form and each component side surface 1is
generally concave 1n form extending inwardly from
adjacent side corners;

wherein each cutting insert has:

a 1irst opposite pair of 1ts component side surfaces form-
ing front and rear component side surfaces, the rear
component side surface abutting the pocket rear surface
at two spaced apart abutment surfaces; and
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a second opposite pair of its component side surfaces
symmetrical with respect to said plane of rotation, and

wherein each cutting insert axially protrudes on both sides
of the tool body.

9. The rotary metal cutting tool according to claim 8,
wherein the pocket base has a radially extending threaded
bore and each cutting 1nsert of the plurality of cutting inserts
has a through bore extending between the upper and lower
surfaces and containing midpoints thereof, and each cutting
insert 1s removably retained by a screw extending through
the through bore and tightened into the threaded bore.

10. The rotary metal cutting tool according to claim 8,
wherein:

all the cutting inserts are aligned with one another 1n an

axial direction along the axis of rotation, each compo-
nent side surface of one cutting insert being axially
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aligned with a corresponding component side surface
of each of the other cutting inserts.

11. The rotary metal cutting tool according to claim 8,
wherein the upper and lower surfaces of the cutting insert
cach have a flat central portion.

12. The rotary metal cutting tool according to claim 1,
wherein all the cutting mserts are aligned with one another
in an axial direction along the axis of rotation, each com-
ponent side surface of one cutting insert being axially
aligned with a corresponding component side surface of
cach of the other cutting inserts.

13. The rotary metal cutting tool according to claim 8,
wherein the rear component side surface 1s the only com-
ponent side surface abutted by the insert receiving pocket.



	Front Page
	Drawings
	Specification
	Claims

